The usage of Electrical Capacitance Tomography (ECT) is not limited to the imaging of mixtures in process equipment, it also can be used to measure the concentration profiles of component, and in certain case ECT is being used to investigate the boundaries and phase sizes within vessels and pipelines. There are quite a number of type of ECT sensors such as circular structure, square structure, concentric -annulus and parallel structure which are used for particular applications. In this paper, a study was carried out in order to investigate the behavior of electric field on the miniature parallel ECT. Simulations using COMSOL Multiphysics are being done to study the effect of increasing the size of the test object and the effect of increasing the permittivity of the test object. The results show that (1) the electric field lines relatively follow the phantom shape corresponding to the increasing of the size of the phantom and (2) the electrical field lines seems to bend more around the when the permittivity increases. Presented simulations establish first step of investigation, however already proved its usefulness for ECT performance model validation.
INTRODUCTION
Tomography is a process to obtain a cross sectional image of an enclosed object without 'opening' it. This technique is well known for its capability to help us investigate the internal structure or behavior of a subject [1] . In the beginning, tomography was well accepted in the medical field especially as one of the important tools to scan the body. Computed Tomography scanner is one of the examples of the kind which revolutionized the field of medical diagnostic imaging. It is best used in obtaining the good detail resolution of images and in the last two decades, has been used for non-medical application for example in investigating the purity of gold jewelries [2] .
Nowadays, the science and engineering are moving towards small scale technology. The effort to develop such systems and technologies has started since the last two decades. With this new emerging technology, researchers are ready to control mater at the level of single atoms and small molecules and to describe the properties of materials and systems at that scale. Besides, they have made the astonishing discovery which conclude that the properties of small numbers of atoms or molecules -nanoscale clusters (such as strength, electrical resistivity and conductivity and optical absorption) are significantly different from the properties of the same matter at either the singlemolecule scale or the bulk scale [3] . Presented analysis are the basic steps to find the best possible method to be used to investigate and measure the fineness of minted gold bar using miniature parallel ECT.
The capacitance between electrodes when an electric field is applied as well as the permittivity distribution between these two plates is acquired by applying the Linear Finite Element method (FEM) using COMSOL Multiphysics. COMSOL Multiphysics is very useful to perform finite element analysis for different kinds of physics and engineering applications. In this study, COMSOL Multiphysics is applied to obtain potential distribution calculation by means of FEM. Using the electrostatics module in COMSOL, the capacitance, C can be obtain from:
where W is the energy to charge a capacitor and Q is the electric charge.
There are a lot of studies which are focusing on the principal and the concept of ECT. Yang et al [4] , [5] has clearly explained in details about the key issues and the concept to design the ECT sensors. S.M. Huang et al. [6] provide the detail information of designing the measuring circuit in order to process the signal obtained from the sensors. A few papers have been published on image reconstruction algorithms including Yang et al. [7] , Soleimani et al. [8] , Mou et al. [9] and Weifu Fang et al. [10] .
ECT is widely used in the medical and process industry. In medical field, a research has been done to observe the calcium of human bones through permittivity difference using ECT [11] , [12] . ECT is also used in food manufacturing industry in order to monitor the quality of the products [13] . Besides, it is widely used in oil and gas industry especially for multiphase flow measurement [14] , [15] . For the imaging of pneumatic conveyor and fluidization processes in fluidized bed, Jaworski and Dyakowski [16] , Yang and Liu [17] , Wang et al. [18] and Warsito and Fan [19] , have explained how ECT is successfully used to ease the monitoring and control process. In the building construction, study has been done to use the capacitance measurement techniques to monitor the structure of concrete beams [20] . Generally, ECT is best used for imaging materials such as oils, dry powders, plastics, bones and under favorable circumstances pure water, all which have low electrical conductivity.
The cross-sectional image of the material inside a closed enclosure is obtained by measuring the changes in the inter-electrode capacitance. These changes are caused by the change in the properties of dielectric materials inside a multi-electrode sensor [5] . Normally, density, permittivity and concentration of the material give the big influence to the measured signal [21] . Basically it visualizes the distribution or changes of dielectric properties of materials in the observed vessels or pipelines. It consists of 3 basic parts which are the sensors, the measuring circuits and the image reconstruction computer. The sensor should have the capability to measure multiple and localized measurement around the area of investigation. This is done by arranging the electrodes around the object properly. Normally, the number of electrodes in a set of sensors varies from 8, 12 and 16 electrodes based on the actual application. Using the concept of basic capacitor, one electrode will act as excitation electrode which is supplied with sinusoidal wave signal.
At that time, the rest of electrodes are connected to virtual earth potential and act as the detector. During the process, the capacitance of the dielectric will be measured and transferred to the measuring circuit. Each electrode will take their turn to become excitation electrode until the complete cycle is done. The signal will be obtained by the measuring circuit which will condition the signal, collect the data and convert it to digital signal before it is being transferred to the image reconstruction computer [6] . There are a lot of image reconstruction techniques and the most common technique which is being used is linear back projection technique. Actually this technique come directly from the medical imaging and is suit according to the application in the process industry. Linear Back Propagation (LBP) is well known for its simplicity and it is computational fast. However, there are other common reconstruction algorithm such as iterative reconstruction algorithm and hybrid reconstruction algorithm [9] . There are many types of ECT sensors and the most common types is the circular with electrodes in a single plane or twin planes.
Besides, there are other types of sensor such as square sensor [22] , conical sensor [23] and concentric-annulus sensors [24] . In this paper, a study was carried out in order to investigate the behavior of electric field on the miniature parallel ECT. There are three issues which will be discussed in this paper including the effect of increasing the size of the test object and the effect of increasing the permittivity of the test object.
METHODOLOGY
For this study, simulation is being done using COMSOL software. The numerical techniques involved in image reconstruction demand the use of a mathematical model of the sensor, even if some imagereconstruction techniques can be based purely on empirical data. It is difficult to calculate an interelectrode capacitance which relate with the relative permittivity distribution and potential distribution, by using the Laplace equation is still too difficult to solve for the geometry and the boundary conditions, thus a finite element method (FEM) software simulation package is need to be used to find the electric field distributions [4] .
The real sensor will be simulated by the sensor model. This indicates that it can solve the problem of ECT forward which is to calculate the capacitances between all possible electrode pairs. The shape of the structure is drawn as the first step in developing the numerical modelling. The shape of the parallel structure is actually an illustration of 2 parallel plates with 4 electrodes on them. As for this case, the applied drawing geometry will have to follow the actual size and geometry of the hardware. Due to this, the building of the number of electrodes" alteration at the parallel structure can be done effortlessly.
The configurations of sensor are [25] : (vii)The application of the post-processing capabilities in COMSOL to figure capacitance and voltage;
In the simulation, 2 studies have been done in order to investigate the effect of increasing the size of the test object and the effect of increasing the permittivity of the test object. Illustration in Figure 1 shows the parallel structure of ECT sensor. 
RESULTS AND DISCUSSION

Single Electrode Excitation
At the beginning, simulation is performed by setting each of electrode as exciting electrodes once at a time in order to observe the potential distribution and the electrical field lines between these 2 parallel structures. The concept which has been applied in ECT is by analysing the potential difference between the excited electrodes and the detecting electrode.
This can be done by setting electrode 1 as exciting electrode and automatically the rest of electrodes will become the detecting electrodes. Using this method, we can easily verify the potential difference between inter-electrode capacitance. Figure 2 shows potential distribution between electrodes and electric field lines that present between any of the two electrodes which are curved and not straight. The opposing electrode potential distribution line in the sensing area is not widely covered. The adjacent electrode pair sensitivity is larger compared to the opposing electrode pair which resulting in the sensor to become more sensitive at the area of the wall rather than the central area. Therefore, this has become the reason of poor signal-to-noise ratio (SNR) in the central area. The mutual capacitances turn to be relatively small due to this effect which resulting to the possibility of very small electrode charges (and their change) and consequently, the measurements SNR inclines to be quite poor.
The Effect of Increasing the Size of Phantom
Next, simulation was being done in order to analyse the process of capacitance non-linear changes when the size of the higher dielectric material was increased. The capacitance is implemented between the model electrode-pairs. The effect of the permittivity size increase is analysed as due respect to a square. Figure  3 illustrates the results of the increasing of size of the higher dielectric material. The electric field lines as shown in the image relatively follow the square shape corresponding to the increasing of the dielectric size. The capacitance components reacting to the electrical field within the sensors will increase in proportion at all time to the material permittivity for the sensor. This is provided if the sensor is filled with uniformly higher permittivity material. 
The Effect of Increasing the Permittivity of Phantom
In this study, the permittivity distribution in the simulations was also verified. The ECT 2D which corresponds to the 3D geometries are illustrated in Figure 4 . The capacitance is measured between the electric field distribution and the model electrode pairs for 2D and 3D simulations when electrode 1 was excited. A 5 mm cube was located at the centre of the parallel plate. The illustration shows that the electric field lines are deflected which relies on material distribution. below reveals that the electrical field degree of penetration is subject to the material permittivity. The electrical fields seem to be reflected more if the permittivity is higher. This is corresponding to the permittivity of the test object where the reflected electrical field degree will seem to increase when the permittivity increases. Furthermore, when the phantom permittivity becomes higher due to the increasing of conductivity, the electrical field lines also seems to bend more around the test object. 
CONCLUSION
In this paper, the performance of miniature parallel ECT is being described based on the simulation using COMSOL software. The effect of increasing the size of the test object and the effect of increasing the permittivity of the test object have been investigated. As the size of the object increase, electric field lines relatively follow the square shape corresponding to the increasing of the dielectric size. Besides, the reflected electrical field degree will seem to increase when the permittivity increases. A lot of study need to be done in order to obtain more information about the potential of miniature parallel ECT. This kind of sensor would be used to sense any object with special geometry.
